DESCRIPTION 

CONTROL CIRCUIT FOR CONSTRUCTION MACHINK 
Teclnni cal Field 
[0001] 

Ttie p>2res ent invention relates to a control ci2rcu.it that 
is c3.esicrneca. to toe p)z:ovica.eca. in a cons tnaction machine anc3. 
inclu.c3.es an op>en center circuit p>rovic3.ec3. with a center Idv" 
p>ass 1 ine . 
Background Art 
[ 0002 ] 

Fig. 5 shows a conventional hydraulic circuit that is 
used in a hydraulic e:>ccavator (swing type) to control right 
and left iDrakie — e<gu.i]p]ped travel motors 11, 12, a swing motor 
13 , and various hydraulic cylinders - The aforementioned 

travel motors 11,12 serve to drive a lower structure 

(crawler loelts) . The swing motor 13 serves to rotate a 

superstructure on a lower structure. The hydraulic 

cylinders serve to or>erate a work: ec3Tj.ip>ment 14 (shown in Fig 
6) attached to the superstructure. 

[ 0003 ] 

A.S shown in Fig. S, the work: ec[uip>ment 14 includes a 
fc)Oom 15, a stick: 16, and a bucket 17 that are serially 
connected to one another by means of pins 21,22,23, The 
boom 15, the stick: 16, and the bucket 17 are adapted to be 
rotated by boom cylinders 24, a stick: cylinder 25, and a 
bucket cylinder 2 6 respectively. In Fig. 6, the center of 
gravity of each component is represented by a black dot . 
[ 0004 ] 

Referring again to Fig. 5, hydraulic fluid discharged 
from hydraulic pumps 28, which are adapted to be driven by 
an in— vehicle engine 27, is fed to various hydraulic 
actuators, i.e. the hydraulic motors 11,12,13 and the 
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111,121,131,241,242,251,252,261 cor-r-es£)onca.±ng to these 

tLyc3.2ra.ij.llc ac tiaat ozrs . 
[ 0005] 

Each operatingr valve 111,121,131,241,242,251,252,261 ±s 
contirol 1 eca. fc>v opjerating an operation lever of the p>i lot — 
op^eirateca. valve (what is widely called a jremote control 
valve) that corresponds to the operating valve so that the 
direction and magni tij.de of displacement of the spool 
incorporated in each respective operating valve is 
controlled toy pilot press\jre o\jtpu.t from the pilot — operated 
valve in response to the stroke of the operation lever. 
C 0006 3 

In the drawing, Ps denotes a hydraulic fluid feeding 
line that communicates with a discharge line of each 
hydraulic pump 28, which is a variable delivery pump. The 
symtool T denotes a tank line that communicates with a tank 
2 9 and serves to discharge hydraulic fluid . The symtool C3d 
denotes a center toy— pass line that passes through a numtoer 
of operating valves selected from among operating valves 
111,121,131,241,242,251,252,261 and is adapted to toecome 
open when the operating valves associated therewith are at a 
neutral position. 
[ OOOV 3 

An orifice 31 and a relief valve 32 that are connected 
in parallel with each other are provided at the furthest end 
of each center toy— pass line Cto and serve to retrieve 
negative flow control pressure (hereinafter referred to as 
'"negative control pressure") . The upstream side of each 

orifice 3 1 and relief valve 32 communicates through a 

negative flow control line (hereinafter referred to as 

negative control line'' ) 33 with a pump regulator 35 that 
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serves to cont □rol a cieXivery controX means 34, su-cti as a 
swash x^Xate, of tine coz:z:esp>onca.irLg- hycirauLX ±c pujcn^p 28. Tlie 
downs tream sicie of each orifice 3X and ireXief vaXve 32 
commuini cat es with the tank: 29. 
[0008] 

The cXosezr any one of the operating- vaXves 
1XX,X21,131,24:1, 242, 251,252, 261 is to the neutral i>osition, 
the higher the p>ressu.re in the corresponding negative 
control Xine 33, the pressure in which is hereinafter 
referred to as ^negative controX pressnre" . Each p-ump 

regu-Xator 3 5 is adapted to prevent u.nnecessarv' siappXy of 
hydrauXic f Xuid t>y controXXing the corresponding deXivery 
controX means 34, suich as a swash pXate, so that the higher 
the negative controX pressure , the Xower the pump discharge 
rate . 
[ 0009 ] 

There are various conventi onaXXy known e>campXes of a 
hydrauXic excavator incorporating an open— center type 
control circuit system that incXudes such center t>y— pass 
Xines Clo (e.g. Patent Reference Document 1 ) . 
[OOIO] 

It is c ommon practice with a hy dr au lie ex c a va tor of 
this type for tuning of horizontal leveling eQU-ipped with a 
standard iDucket to toe performed at the time of development 
of a working prototype. 
[ OOll] 

After the hydraulic excavator is purchased, however, it 
is often the case that the end user replaces the standard 
iDuckiet with a large, heavy— weight slope t>uck:et that 
corresponds to how the hydraulic excavator will t>e used. 
[ 0012 ] 
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T]n±s happens f zreQaaent 1 v x part iciiXazrXv ±n cases wlaere 
the w± c3.es t possik>le airea of the garoi-Lnci su-irface has to t>e 
fXatteneci within a iimitecS. pexriocS. of time, when tiiiing a 
fielci, or pzrepazring a hou-sing site. 
[0013 ] 

If su-ch is the case, shou-lca. a lever t>e pu-lleca. in o2rca.e3r 
to perform horizontal leveling when the work ecju-ipment 14 is 
in the fiilly extendeci position as shown in Fig. 6(a), the 
machine is started lip with all of the holciing pressures at 
the heac3.— sicie of the !fc>oom cvlin.c3.ers anc3. the roc3.— sic3.e of the 
stick: cylinc3.er t>eing high . 

i:ooi4] 

As a resu.lt, as shown in Fig. V, a greater c3.egree of 
operation of a tooom operation lever is rec3Tairec3. to reach the 
starting point for the t>oom cylinc3.ers to actuallv raise the 
t>oom than is rec3Tairec3. when the stanc3.arc3. loncket is iisec3., 
resulting in an operation range sij.t)s tant ially narrower than 
when performing fine operation with the stanc3.arc3. loncket . 
[0015] 

Furthermore, the greater the operation lever stroke is 
to reach the starting point for fine operation for fc>oom 
raising, i.e. the c3.egree of operation of the lever rec3Tairec3. 
to reach the af orementionec3. starting point comparec3. to when 
the stanc3.arc3. toncket is u.sec3., the more c3.ifficij.lt it is to 
synchronize t>oom raising with lowering the stick, resulting 
in poorer horizontal leveling perf ormance - 
[0016] 

As shown in Fig. 8, when ex:tenc3.ing the sticJc cvlinc3.er 
for stick— in operation, the hol<a.ing pressure Proia a-t the rocS. 
sic3.e of a stick cyl j-n.c3.er operating valve 2 51, i.e. the sic3.e 
linkec3. with the roc3. sic3.e of the stick cvlinc3.er 25, is 
increasec3. lo^ the amount corresponc3.ing to the increase in the 
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weigtit of ttie tou-cket . Ttiezref ore , given ttia t ttie apezr ture 
area, of a passage from ttie rod- s ide of ttie stick cylincier 
op>erat:irLg vaive 251 to ttie tank: line T is A^od meter out/ ttie 
p>ress"u.re at ttie tanik: side is Pt/ and ttie densitv of ttie 
l^ydraulic fluid is /> , the gain of ttie rise of ttie rod— side 
meter — out flow rate Q increases ibv' ttie amount corresponding 
to ttie increase in ttie tiolding pressure Prodi in. accordance 
witti ttie eccuation: 

Q = C*Arod meter out * "C 2 ( P x^od" ^t) / P > - 

[ 0O17 ] 

Ttierefore, fine operat>ility deteriorates even wtien ttie 
sticlc cylinder 25 is extended alone. Moreover, ttie 

aforementioned increase in degree of operation of a boom 
operation lever reccuired to reacti ttie starting point for ttie 
fc>oom cylinders to actually raise ttie tooom occurring 
simultaneously witti deterioration of fine operal::>il i ty for 
extending ttie stick: cylinder makes adjustment t>y ttie 
operation lever extremely difficult- As a result, as stiown 
in Fig. 9, wtien ttie tiydraulic excavator is ecruipped witti a 
tieavy t>ucket , a greater undulation ptienomenon D ttian in ttie 
case witti a standard toucJcet occurs around a starting point 
for tiorizontal leveling, substantially impairing ttie 
mactiine ' s ground leveling performance . 
[ 0018 ] 

To t>e more specific, wtien pulling ttie work: ecjuipment 14 
of ttie tiydraulic excavator in ttie fully extended position as 
stiown in Fig - 6(a) inward in order to tiori zontally leveling 
soft ground as stiown in Fig. 6 (Id) (in ottier words in ttie 
course of ligtit load operation at ttie tiead side of ttie stick 
cylinder) , ttie respective centers of gravity of ttie stick: 16 
and ttie bucket 17 (represented t>y black dots) are 
tiorizontally spaced apart from ttie pin 22 at ttie distal end 
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of the t>oom. That is, gravitational f ore e p>±:oc3.iJ.ces a great 
tozTQiae arou-xici the p>in 22 at the distal end of the iDoom, 
resulting in a high holciing pressure at the roc3. sicie 25r of 
the stick cylinder 25. As a result, a flow rate gain in a 
return path from the rod side 25r of the stick cylinder 25 
to the tank: is high with respect to the valve stroke . 
[0019 ] 

Therefore, when the stick cylinder 2 5 is in such a 
position as shown in Fig. 6(a) , it is difficult to achieve 
fine control of e:x:tending speed of the stick cylinder 2 5 or 
precise synchronization with inching up the tooom. As shown 
in Fig. 3, the heavier the bucket, the greater the 
undulation phenomenon D, which is a large undulating motion 
of the iDucket tip IVa, often causing complaints from an 
operator . 
C0020 1 

Furthermore, when lifting a load, too, operational 
performance may t>e impaired due to the weight of the load 
for the same reason described at>ove , DDecause load lifting 
calls for frecguent tooom raising and stick— out operation. 

Patent Reference Docioment 1 : Japanese Laid— open Patent 
Publication No. 9-151487 (page 5, Fig. 1) 
Disclosure of the Invention 
Problem to be Solved by the Invention 
[0021] 

Even if tuning has already been done by using a 
standard bucket, depending on the weight and the type of the 
bucket attachment, a conventional hydraulic e:x:cavator 
operates at di f f erent operation speeds and operation timing 
between the boom cylinders and the stick cylinder in 
response to identical operation commands, resulting in poor 
operabi 1 i ty . 
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[0022] 

This Jxia-y lead to the lasezr comp>Xairxing- alDou.t p>i:ot>Xems , 
siacln as u.nsat±s factory groimdL leveling. VxTtiexiever siacli a 
comp>laint is macie , it may !b>ecoine necessary to p>erforin turning 
ciesign, p>roci\j.c t ion , or an evaliaation test of a si>ool notcti. 
This is very inefficient . 
[ 0023 3 

As those skilleca. in the art have long !t>een resigneci to 
regarciing this p>rol3lem as an intrinsic characteristic of an 
op>en center control circuit, this prolyl em has remainecS. 
u.nsolvec3. as a :potential ca.raw!k>acJ<: of an open center circuit 
in contrast to its merits, such as swing force mociulation. 
[0024] 

A conventional control circuit i>resents another prot>lem 
in that as it is im;possi!t>le to eliminate the influence of 
load on op>erational E>erformance in loacL hanging work, 
^performance of load hanging work: tends to rely on the skill 
of the operator, resulting in an increased possibility of an 
accident or other prot>lems resulting from hujnan error . 
[ 00253 

In order to solve the ak>ove prot>lems , an o!t>ject of the 
invention is to provide a control circuit for a construction 
machine, wherein the control circuit includes an open center 
circuit and ensures, even when using a bucket of a different 
weight, a compatible level of operability to that obtained 
by tuning with a standard bucket . 
Means for Solving the Problem 
[0026] 

The present invention claimed in claim 1 relates to a 
control circuit for a construction machine, the control 
circuit including an open center circuit provided with 
center bypass lines passing through at least a boom 
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op>e2ra t ±ng valve , a stick or>ei:at::±ng valve , and a toiackie t: 
op>e3rat±ng- valve tlnat are ac3.ap>t:ec3. to control tiydraial ic f liaici 
feci from hyca.rau.lic piamps to t>oom cylinciers , a s t icJc cylinc3.er , 
and a biackiet cvlinder anci s-u.t>sec3ijient ly retiarneci throiag-h 
return lines to a tank, ttie af or ement i oneci tooom cylinciers 
serving to op>erate a fc>oom, the stick cylincier serving to 
op>era te a stick connect eci to the ciistal enci of the iDoom , and 
the toncket cylinder serving to operate a bucket connected to 
the distal end of the stick, wherein the control circuit 
further includes a x^ressure— conrvpensat ing f 1 ow control valve 
provided on a return line for hydraulic fluid returned from 
a rod side of the stick cylinder to the tank; a pressure 
sensor for detecting pressure of hydraulic fluid fed to a 
head side of the tooom cylinders; and a pressure control 
valve for controlling a portion of the center toypass line 
that passes through the !fc>oom operating valve so as to 
increase the pressure in accordance with an increase in the 
pressure detected t>y the pressure sensor, the portion toeing 
downstream from the iDoom operating valve . 
C 0027 3 

The present invention claimed in claim 2 relates to a 
control circuit for a construction machine as claimed in 
claim 1 , wherein the control circuit further includes a 
pressure sensor for detecting pressure of hydraulic fluid 
fed to the rod side of the stick cylinder, and a pressure 
control valve for controlling a portion of the center t>ypass 
line that passes through the stick operating valve so as to 
increase the pressure in accordance with an increase in the 
pressure detected toy the pressure sensor, the portion toeing 
downstream from the stick operating valve. 
C0028] 
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The present invention cia.imec3. in ciaim 3 ireiates to a. 
contJTol cizTcuLit fozr a cons tzriact ion machine as claimeci in 
claim 1 or claim 2 , wheirein each E>iressiJ.ire control valve is 
integrated with an orifice anc3. a relief valve so as to form 
a negative flow control load E>ressiare compensating valve, 
the orifice and the relief valve serving to retrieve 
negative flow control pressure from the corresponding center 
bypass line in order to control p\imp discharge rate . 
C0029] 

The present invention claimed in claim 4 relates to a 
control circTj.it for a cons triact ion machine as claimed in any 
one of the claims from claim 1 to claim 3 , wherein the 
pres sure— compensating flow control valve comprises a spring 
for setting a differential pressure, and a pressure 
compensation deactivation portion that serves to increase 
the set load of the spring in accordance with increase in 
the load pressure applied to the head side of the stick 
cylinder, and, when the load pressure to the head side is a 
predetermined level or higher, increase the set load of the 
spring to such a level as to deactivate pressure 
compensation of flow control . 
Effects of the Invention 
C0030 J 

According to the present invention claimed in claim 1, 
even in a state where a heavy— weight iDuclcet is attached, 
meter — out flow control t>y the pressure — compensating flow 
control valve ensures the stick is lowered at a stable speed 
during sticJc— in operation by preventing change in the 
descending speed of the stick, and the pressure sensor and 
the pressure control valve ensure stable flow 

characteristics by generating a boom holding pressure in the 
center bypass line so as to prevent change in a boom raising 
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flow moca.u.lat ion cuzrve 2rega.i:c3.1ess of ctianges ±n loaci pressuire . 
Tliezref ozre , p> jrec i s e s tick— ciesc ending speeci anc3. t)oom— zrais ing 
s^^eeci as c oinma.nc3.eci can toe achieveci, ^resulting in an iitrpzroveci 
pezrf ojrmance of Inoiri zont al leveling, zregazrcil es s of tlie tvx^^ 
of the t)TjLC>cet . Fiarttiennore , ]oy eliminating the necessity 
fonr tuning tests on operating valves to improve peirf ormance 
of horizontal leveling for each t>u.c3cet weight, the invention 
c3lescr it>ec3. at>ove not only eliminates the trontole and cost of 
s\ich tests lD\it also improves reliat>ilitv of the proca.\act - 
[0031] 

According to the present invention as claimeci in claim 
2, in the course of lifting a load, when initiating 
s imul taneoTJLS operation of iDOom raising !fc>y hydraulic fluid 
fed to the head side of the laoom cylinders and stick— out 
operation toy hydraulic fluid fed to the rod side of the 
stick cylinder, the pressure sensor that serves to detect 
pressure at the head side of the tooom cylinders and the 
pressure control valve that serves to control the pressure 
in the portion of the corresponding center toypass line 
downstream from the tooom operating valve so as to increase 
the pressure in accordance with an increase in the pressure 
detected toy the pressure sensor ensure a constant lever 
position for initiating tooom raising as well as sufficient 
fine operation range regardless of the weight of the load, 
and also enatole compensation for the gain of the rise of 
flow rate with respect to the valve stroke. At the same 
time, the pressure sensor that serves to detect pressure at 
the rod side of the stick cylinder and the pressure control 
valve that serves to control the pressure in the portion of 
the center toypass line downstream from the stick operating 
valve so as to increase the pressure in accordance with an 
increase in the pressure detected toy the pressure sensor 
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ensu-zre a constant Xever position for initiating retraction 
of thie stick cyJ- j-ndiGr as well as sufficient fine oj^eration 
range regarciless of ttie weiglnt of ttie loacfl, anc3. also enalDle 
com;pensat ion for ttie gain of the rise of flow rate witli 
resr>ect to t!bie valve stroke. As a result, loac3. lifting can 
t>e x^er f ormecS. witUn imp>rovec3. accuracy and cycle time. 
Fur ttiermor e , it is also p>ossik>le to x>^^vent suclcien ctianges 
in iDoom cylinder sp>eec3. or stick cylinder speed or inching 
performance deter iorat ion . 
C0O323 

According to the present invention as claimed in claim 
3 , each negative flow control load pressure compensating 
valve is formed k>y integrating a pressure control valve for 
controlling center t>ypass line pressure with an orifice and 
a relief valve that serve to retrieve negative flow control 
pressure. By thus simultaneously incorporating these 

components in each center iDypass line, the present invention 
as claimed in claim 3 is capat>le of reducing not only the 
task of production of the control circuit t>ut also the space 
for installation of these components . 
[ 0033 ] 

According to the present invention as claimed in claim 4, 
the pressure compensation deactivation portion is adapted to 
control the set load of the spring so as to increase the set 
load when the load pressure at the head side of the stick 
cylinder increases . Should the load pressure at the head 
side reach a predetermined level under a heavy load, for 
e:x:ample during e:x:cavat ion , the pressure compensation 
deactivation portion increases the set load of the spring to 
a sufficient level, thereby setting a considerately high 
effective differential pressure of the spool at the meter- 
out side so that the set flow of the pres sure — compensating 
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f low control valve as a flow control valve loecomes tilgher In 
a^)E>ea2rance tlnan the actual 2retu.m flow at tine ro<3. s±c3.e of 
tine stick cylinder, tine af orementioneca. actual retiarn flow 
toeing dependent on tine maximuLm flow of tine cor r es;ponca.ing 
lnyc3.rau.lic pump ■ Therefore , in tlnis state , tine pressure- 

compensating flow control valve functions as a regular 
tlnrottle valve and performs meter— out flow control witln 
normal throttling because its atoility for compensating for 
tine pressure at tine rod side of tine stick cylinder does not 
f unc t i on . 

Brief Description of tine Drawings 
[0034] 

Fig. 1 is a circuit diagram showing a stick cylinder 
control section of a control circuit for a construction 
machine according to an embodiment of the present invention. 

Fig. 2 is a circuit diagram showing a boom cylinder 
control section of the control circuit . 

Fig. 3 is a characteristic diagram showing flow control 
characteristics of a stick— in meter— out load pressure 
compensating valve, wherein (a) and (t>) show cases where a 
rod pressure is lOO kgf/cm^ and 2 00 kgf/cm^, respectively. 

Fig. 4 represents observed data showing the locus of 
the bucket tip in horizontal leveling performed by using the 
aforementioned control circuit . 

Fig. 5 is a circuit diagram showing a conventional 
control circuit for a construction machine. 

Fig. 6 is a schematic illustration of a work ecjuipment 
of a construction machine, wherein (a) and (b) respectively 
show the positions of the work ecxuipment when starting 
horizontal leveling and during horizontal leveling. 

Fig. V is a characteristic diagram showing changes in 
the e>ct ending speed of the boom cylinders . 
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Fig. 8 ±s cL sciieiricLt d_c d_H\istrcLt ion showing changes in 
the e:x:tenca.ing SE)eec3. of the sticJc cyXj^nc5.&xr . 

Fig. 9 z:ep>z:esents ot>sez:veca. diatza showing the locuis of 
the iDU-cket tif) in horizontal leveling p>ezrf ormeca. t>v using the 
conventional control ci2rc1j.it . 
Reference KTuimeral s 
C00353 

CId center t>y— :pass line 

15 t>oom 

16 stick 

17 l:>iack:et 

2 4 ]Doom cylincier 
2 4h head side 

241 ]Doom operating valve 
2 5 stick cylinder 
2 5r rod side 
2 5h head side 

2 51 stick OE>erating valve 
2 6 t>\ick:et cylinder 

2 8 hy dr au. lie puunp 
2 9 tank 

31 orifice 

32 relief valve 

42 stick— in meter — ouit load pressure compensating 
valve serving as a pressure— compensating flow 
control valve 

43 , 44 negative flow control load pressure 

compensating valve (negative control load pressure 
compensating valve ) 

5 5 rod— side return line serving as a return line 

6 3 spring 

64 pressure compensation deactivation portion 
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81 pressux-e sensor 

85 elec tJTomagnet: ± c zrelief valve serving as a pressnare 

control valve 
91 p>ressij.re sensor 

9 5 electromagnetic relief valve serving as a pressure 
control valve 
Best Mode for Carrying Out the Invention 
t0036] 

isre>ct , ttie E>resent invention is escplaineci tiereuncier , 
referring to an emlbocaiment thereof shown in Kigs . 1 throughi 
4. The circuit shown in Fig. 5 is a t>asic circuit on which 
the E>3resent invention is loaseci. The elements corresponding 
to those in Fig. 5 are identi f ieci with the same reference 
symJDols , explanation of which may toe omitted herein. As the 
circuits for the travel systems, the swing system, and the 
iDucket system, are the same as those of the conventional 
circuit shown in Fig. 5, their e:x:planat i ons , too, are 
omi tted . 
[ 003 V ] 

Figs - 1 and 2 illustrate a load pressure compensation 
system in a 2 —pump open center system shown in Fig. 5. This 
load pressure compensation system is capat>le of partial load 
pressure compensation while making use of the merits of the 
conventional open center system, thereby improving ground 
leveling ability and productivity when using a heavy— weight 
t>uck:et, as well as li f ting— operatoi li ty when hoisting a load. 
C0038] 

In Figs - 1 and 2 , numeral -41 denotes a control valve 
incorporating the spools of various operating valves 
111,121,13 1,241,242,251,252,261 shown in Fig. 5. 
[ 0039 ] 
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In addition to the aforementioned control valve 41, Fig. 
1 stiows a sticiki— in meter — out load i^ress-uire comi:>ensat ing 
valve 42 ttiat serves as a p>ressiare — compensating flow control 
valve for comp>ensat ing for load pressure of ttie meter — ou.t 
flow rate of a stick cylinder 2 5 during stick— in operation. 
[00403 

Ttie control valve 41 also includes a negative flow 
control load pressure compensating valve (hereinafter 
referred to as negative control load pressure compensating 
valve) 43 for compensating for load pressure at ttie sticJc— 
out side. 
C 0041 3 

As shown in Fig. 2, the control valve 41 further 
includes a negative control load pressure compensating valve 
44 for compensating for load pressure at the t>oom— r ais ing 
side - 
C 0042 3 

As shown in Fig, 1, one of the output ports of a stick 
operating valve 251 is connected to the head side 25h of the 
s t i c3c cyl inder 2 5 through a head— s ide feed/ di s charge 1 ine 51, 
and the other output port of the stick operating valve 2 51 
c ommuni cat es wi th the rod s i de 2 5 r of the s t i ck cyl inder 2 5 
through a rod— side feed/ discharge line 52 and a line 54, 
which are connected through a load hold check valve 5 3 . 
[00433 

The aforementioned stick— in meter— out load pressure 
compensating valve 42 comprises a rod— side return line 55 
serving as a return line, as well as a pressure compensating 
valve 56 for controlling differential pressure, a flow 
control valve 5'7 , and a recover^^ check valve 58 . The rod- 
side return line 5 5 branches off at some point along the 
line 54, which extends from the load hold check valve 53 to 
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the jco<5. side 2527 of the st±c3c cyT index" 25. The pnres siazre 
compensating valve 56, the flow control valve 5V, anc3. the 
TTecovezry check valve 5 8 are serially arranged and c3.i spos eci 
between the rod— side return 1 ine 55 and the aforementioned 
head— side feed/ discharge line 51 . 
[0044] 

A. line 61 for detecting pressiare at the upstream side 
of the flow control valve 57 is connected to one side of the 
pressure compensating valve 56, and a line 62 for detecting 
pressure at the downstream side of the flow control valve 57 
is connected to the other side of the pressure compensating 
valve 56. A spring 6 3 for setting a differential pressure 
is in contact with the other side of the pressure 
compensating valve 5 6 so that the spring 6 3 sets a 
differential pressure between the upstream and downstream 
sides of the flow control valve 57 . 
[ 0045 ] 

A pressure compensation deactivation portion 64 in the 
shape of a cylinder piston is provided in association with 
the spring 6 3 of the pressure compensating valve 5 6 and 
serves to adjust the differential pressure between the 
upstream and downstream sides of the flow control valve 57 
by increasing the set load of the spring 63 in accordance 
with increase in the load pressure applied to the head side 
2 5h of the stick cylinder 25. The pressure compensation 
deactivation portion 64 also serves to increase the set load 
of the spring 63 to such a level as to deactivate the 
pressure compensation of flow control when the load pressure 
applied to the head side is a predetermined level or higher. 
A. head— side pressure detection line 6 5 drawn out from the 
head— side feed/discharge line 51 is directed into the 
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cyX±nca.e2r of the x^zressiaire compensation c3.eact± vat ion portion 
64 . 

C0046] 

The cylincier of the pz:essu.z:e compensation (deactivation 
portion 64 incorporates a piston for controlling the set 
loaca. of the spring- 6 3 bv' functioning in response to the loacS. 
pressure conveved from the head sicie 2 5h of the stick 
cvlinder 2 5 throiagh the heaci— s i<3.e pressure detection line 6 5 . 
In other words, should the load pressure at the head side 
2 5h reach a predetermined level, the pressure compensation 
deactivation portion 64 , which is adapted to increase the 
set load of the spring 63 in conjunction with the increase 
in the load pressure at the head side 25h of the stick 
cylinder 25, increase the set load of the spring 63 to such 
a level that the function of pressure compensation is 
deactivated - 
C 0047 ] 

One end of the flow control valve 57 is in contact with 
a return spring 66, and a pilot pressure line 67 is 
connected to the opposite end of the flow control valve 57 . 
The pilot pressure line 67 t>ranches off from a pilot 
pressure line 251a esctending from the cylinder e>ctending 
side, i.e. stick— in side, of the stick cylinder operating 
valve 251. Furthermore, the other side of the stick 

cylinder operating valve 251 is connected to a pilot 
pressure line 251t> of the cylinder retracting side, i.e. 
stick— out side. 
C 0048 ] 

A line 68 provided downstreain from the flow control 
valve 5 7 communicates with a return line 7 0 through a k>ack 
pressure check valve 6 9 that serves to generate a given, 
constant t>ack pressure at this portion. The toack pressure 
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chieck: vaXve 69 ±s a.c3.ap>tec3. to set back pressuire of □retu.zrn 
f lu.±c3. by mea.ns of set loa.c3. of a. sp>z:ing- that j^u-shes a chieck 
valve Id o civ against a seat . The af ox-ement ioneci zretu-zm line 
7 0 Is connected to ttie tank 2 9 . 
[0049 ] 

A line Vl branchies off from the line 54 connectec3. to 
the rodi slcie 25x- of the stick cyllnciez: 25. The line Vl Is 
connected to the zretTJ-zm line V O thzroiagh a line relief valve 
V2 and a check valve V3 , which are connected In p)arallel 
with each other. The line relief valve 72 serves to protect 
the line toy tjecoming connected to the line Vl should an 
abnormal Iv high pressure that mav damage the line t>e 
generated at the rod side 25r of the stick cylinder 25. 
[ 0050] 

As shown in Fig. X, the line 54 connected to the rod 
side 25r of the stick cylinder 25 is provided with a 
pressure sensor 81, which is connected through an electrical 
signal line 82 to an input section of a controller 83. A. 
pressure switch 84 is also connected to the input section of 
the controller 83 . The output section of the controller 83 
is connected to the aforementioned negative control load 
pressure compensating valve 43 at the stick— out side. 
[ 0051 ] 

The negative control load pressure compensating valve 
43 comprises an orifice 31, a relief valve 32, and an 
electromagnetic relief valve 85 . The orifice 31 and the 
relief valve 32 are connected in parallel with each other. 
The electromagnetic relief valve 85 serves as a pressure 
control valve. The orifice 31 and the relief valve 32 are 
included in a center by— pass line Ct> that passes through the 
stick operating valve 251. A negative flow control line 
(hereinafter referred to as ^''negative control line") 33 is 
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ca.3ra.wn from some point along the center t>y— pass line Ct> 
lapstzream of the orifice 31 and relief valve 32 , The 
electromagnetic relief valve 85 is ciisposeci further upstream 
of the point from which the negative control line 33 is 
cirawn . Therefore, the output section of the controller 83 
is connecteci to a solenoici 86 of the electromagnetic relief 
valve 85 . 
[0052 ] 

As shown in Fig. 2, a rod— sicie f eec3./c3.ischarge line 88 
a.nca. a heaci— sicie feeci/ discharge line 89 are respectively 
connected to the rod side 2 4r and head side 2 4h of the 3DOom 
cylinders 24. The head— side feed/discharge line 89 is 

provided with a pressure sensor 91, which is connected 
through an electrical signal line 92 to the input section of 
the controller 83 . A pressure switch 94 is also connected 
to the input section of the controller 83 . The output 

section of the controller 83 is connected to the 
a.f orement ioned negative control load pressure compensating 
valve 4 4 at the k>oom— rais ing side. 
[0053 ] 

The negative control load pressure compensating valve 
4 4 comprises an orifice 31 and a. relief valve 32, which are 
connected in parallel with each other, and an 

electromagnetic relief valve 9 5 that serves as a pressure 
control valve. The orifice 31 and the relief valve 32 are 
included in a center t>y— pass line Ct) that passes through a 
boom operating valve 241. A negative control line 33 is 
drawn from some point along the center toy— pass line Ct> 
upstream of the orifice 31 and relief valve 32. The 
electromagnetic relief valve 9 5 is disposed further upstream 
of the point from which the negative control line 3 3 is 
drawn. Therefore, the output section of the controller 83 



19 



±s connected to a sol enoici 96 of ttie elec ti:oinagnet±c relief 
valve 9 5 . 
[0054:3 

]Sre>ct , functions and effects of the emtoodiinent shown in 
Kigs . 1 and 2 are explained tLezreundei: . 
[0055] 

(Horizontal Leveling) 

When j^erforming horizontal leveling, as shown in Kig . 
6 (a) and (t>) , the iDoom cvi^^ders 2 4 are ox>erated to raise 
the hoom while the stick cylinder 2 5 is operated to e>::tend 
the stick (stick— in operation) . 
C 0056 ] 

At that time, regarding the fu.nct ions of the components 
shown in Fig . 1 , when pilot pressure for extending the stick 
cylinder is fed to the pilot pressure line 251a, the stick 
cylinder operating valve 2 51 is changed over to a lower 
chamlber position, and the pilot pressure that is fed through 
the pilot pressure line to extend the stick cylinder 

changes over the flow control valve 57 of the stick— in 
meter —out load pressure compensating valve 42 to a channel— 
communicating position so that hydraulic fluid discharged 
from the corresponding hydraulic piomp 2 8 is fed through the 
head— side feed/ discharge line 51 to the head side 2 5h of the 
stick cylinder 2 5 and that the fluid discharged from the rod 
side 2 5r is returned to the tank 2 9 through the flow control 
valve 5V and other relevant components- A.s a result, the 
stick cylinder 2 5 is ext ended . 
[ 005V J 

Throughout the course of extending the stick cylinder 
25, pressure resulting from the flow passing through the 
flow control valve 57 (the return flow) is compensated for 
3Dy the pressure compensating valve 56 as shown in Fig. 3 . 
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To t>e more S5>ecific, s3n.o\ilc3. the s t i c>c c;yXin<3.e3r o^^erating 
valve 251 l:>e pilot — opezra ted in su-cli. a direction as to 
p)eirf oirm sticlc— in op)eiration in orciez: to initiate horizontal 
leveling when the sticlc is in the position shown in Fig. 
6 (a) anca. ecjiaipped with a heavy t>uclcet , the pressiare at the 
heaca. side 2 5h of the sticlc cylinder 2 5 so that the set load 
of the spring 63 is controlled at a low level iby means of 
the pressure compensation deactivation portion 64, which is 
operated t>y head— side load pressure retrieved through the 
head— side pressure detection line 65. As a result, the 

differential pressure between the upstream and downstream 
sides of the flow control valve 57 is also controlled at a 
low level. Therefore, even if the pressure of return fluid 
discharged from the rod side 2 5r of the stick cylinder 2 5 is 
high due to the heavy weight of the bucket, the flow rate of 
the hydraulic fluid passing through the flow control valve 
57 is limited t>ased on the small differential pressure 
t>etween the upstream and downstream sides of the flow 
control valve 57 , theret>y preventing the e:x:tending speed of 
the sticlc from increasing, which would otherwise result from 
the heavy weight of the t>ucl<:et - As a result, the 

characteristics in cases where a heavy iDucJcet is used, which 
characteristics are represented t>y the solid line in Fig. 8, 
can he returned to a level similar to those shown in the 
dotted line, which represents characteristics in cases where 
a standard touckiet is used. 
[0058 3 

Should the pressure in the head— side feed/ discharge 
line 51 toe higher than the pressure in the line 68 during 
e^ctending operation of the stick cylinder 25, the recovery 
check valve 58 causes all the hydraulic fluid at the rod 

side 25r to drain through the pressure compensating valve 56, 
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tine flow contirol valve SV , anci the k>a.ck pressiare check valve 
69 into the retiazm line V O so that the hycirau.! ic fluLici in 
the amount co2ri:esp>onca.incf to the degree of ap>ei:tu.i:e of the 
spool of the flow control valve 57 is c3.i s chargeci from the 
rod sicie 2 5 r . 
[ 0059 ] 

Shou-ld the hydraulic f liaid fed from the hydraulic p>ijjnp> 
2 8 become insufficient and voiding at the head side 2 5h 
t>ecome imminent durincf the aforementioned ox^eration, a jpsnriz 
of the return fluid from the rod side 25ir of the stick 
cylinder 2 5 to the return line V O is recovered and fed from 
the line 6 8 through the recovery check valve 5 8 to the head- 
side feed/discharge line 51, therelDy E>reventing voiding, 
p>artly because a part of the return fluid is under fc>ack 
pressure due to resistance from the back pressure check 
valve 6 9 . At that time , as the cylinder head— s ide load 

pressure retrieved through the head— side pressure detection 

1 ine 6 5 is not high enough to cause voiding , the pressure 
compensation deactivation portion 54 controls the set load 
of the spring 63 at a low level to also limit the 
differential pressure between the upstream and downstream 
sides of the flow control valve 57 to a low level - 

[0060] 

At the same time, regarding the functions of the 
components shown in Fig . 2, a boom cylinder operating valve 

2 41 is changed over to a lower chamber position so that 
hydraulic fluid discharged from the corresponding hydraulic 
pump 2 8 is fed through the head— side feed/ discharge line 8 9 
to the head side 24h of the boom cylinders 2 4 and that the 
fluid discharged from the rod side 24r is returned to the 
tank 29 through the rod— side feed/discharge line 88, the 
boom cylinder operating valve 2 41, and the tank line T. 
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[0061] 

At that time, the iDoom li.ea.c3. p>3ressu.ire generateci ±n the 
heaci— sicie f eeci/cixsctiarge Xxne 89 ±s c3.etectec3. !fc>y the jpjressijLjre 
sensor 91 anc3. convev'^<3. to the control lez: 8 3 so that the 
contzrollezr 8 3 feecis an electrical signal corresE>onc3.ing to 
the t>oom heaci p>z:essij.3re to the solenoici 9 6 of the 
electromagnetic relief valve 95 of the negative control loaci 
j>ressu.re comp>ensat ing valve 44, thus enabling the 

electromagnetic relief valve 95 to increase the p>ress\ire in 
the center bypass line Ct) in accorciance with the ]ooom heaci 
j^resstire . 
[0062D 

To be more p>recise, the hyc3.raxj.lic flu.ic3. c3.ischargec3. from 
the hyc3.raulic p>ump> 2 8 is c3.is tritoiatecS. into the heacS.— s ic3.e 
feec3./c3.is charge line 8 9 anc3. the center bypass line Cb 
accorc3.ing to the valve stroke of the boom cylinc3.er op>erating 
valve 241, with the amoiant of flow being releasec3. into the 
center bypass line Cb increasing in p»roi>ortion to the loac3. 
p>ressu.re in the heac3.— s ic3.e feec3./c3.is charge line 89. However, 
as the loacS. p>ress-u.re in the center bypass line Cb is 
increasec3. by the electromagnetic relief valve 9 5 in 
accorc3.ance with the boom heacS. p>ress\ire in orc3.er to 
comp>ensate for the p>ressu.re so as to generate a boom holc3.ing 
X>ress\xre in the center bypass line Cb , the boom raising flow 
that corresp>onc3.s to the commancS. signal , i.e. the valve 
stroke, of the boom cylinc3.er op>erating valve 241 is fec3. to 
the heac3. sic3.e 2 4h of the boom cylinc3.ers 2 4 so that a desireci 
sp>eeca for e>ctenc3.ing the boom cylinc3.ers is ensij.rec3. regarc3.1ess 
of the loacS. ap>5>liec3. to the boom when a heavy biaclcet is usecS.. 
As a resu.lt, the characteristics in cases where a heavy 
bucket is usecS., which characteristics are rep>resent ec3. by the 
solic3. line in Fig. 7, can be returnec3. to a level similar to 
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ttiose shown ±n the dotteci line, which zrepresent s 
chairactezris t ics in cases whezre a s tanc3.a.irc3. iDiackiet is u-seci. 
[ 0063 ] 

A.S ca.es czri!fc>e<a. a!fc>ove , even when a heavy— weight slop>e 
toucJcet is laseca. in place of a s tanciairca. toiacket , the stick— in 
metezr— out loac3. p>3ressu.3re compensating valve 42 ancS. the 
negative control loacS. piressiazre compensating valve 4 4 at the 
fc>oom— raising sic3.e simultaneously function so that the 
pzressuzre at the heaci sicie 2 4h of the t>oom cylinciezTS 2 4 is 
cietecteca. toy the pressure sensor 91, a preca.ete2rmineca. electric 
current is feci from the controller 83 to the negative 
control loaca. pressure compensating valve 44 in the t>ypass 
portion provicieca. ca.ownstream from the t>oom operating valve 
241, anca. a t>oom holca.ing pressure is generateca. in the center 
t>ypass line Ct> . This configuration not only prevents change 
in a t>oom raising flow mod.ulation curve regarc3.1ess of 
changes in loaci pressure, theret>y ensuring stat>le flow 
characteristics, t>ut also, as e^cplaineca. alDOve, ensures the 
stick is lowereca at a stafc>le speeci ciuring stick— in operation 
t>y preventing change in ca.es cenca.ing speeca. of the stick t>y 
means of meter— out flow control t>y the stick— in meter— out 
loaca. pressure compensating valve 42 even in a state where a 
heavy t>ucket is attacheca.. The invention is thus effective 
in preventing unca.ulation phenomenon ID of the t>ucket tip (see 
Fig. 9) from occurring when starting horizontal leveling 
with a heavy !fc>ucket as shown in Fig. 4. In other worca.s , 
satisfactory horizontal leveling aJoility is ensureca. 
regarciless of ca.ifferent conca.it ions surrounca.ing use of 
various touckets . 
[ 0064 ] 

(Crane Operation) 
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Wtien ;peirf orming crane oj^eration to lift a load attaclneca. 
to a iDU-cket IV , tine boom cylinciezrs 24 are op>ez:atec3. to raise 
ttie t>oom while the stick cylinciezr 25 is opera t ed to retract 
the stick ( stick— out operation) . 
[0065] 

At that time, regarding the functions of the components 
shown in Fig. 1, when pilot pressure for retracting the 
stick cvlinder is fed to the pilot pressure line 2511D, the 
stick cv'lin.der operating valve 2 51 is changed over to an 
upper chajTLber position so that hydraulic fluid discharged 
from the corresponding hydraulic pump 2 8 is fed through the 
rod— side feed/discharge line 52, load hold check valve 53, 
and the line 54, to the rod side 25r of the stick cylinder 
25 and that the fluid returned from the head side 25h is 
returned to the tank 2 9 through the head— side feed/ discharge 
line 51, the stick cylinder operating valve 251, and the 
tank line T. 
C 0066 ] 

At that time, the stick rod pressure generated in the 
rod side 25r of the stick cylinder 25 is detected by the 
pressure sensor 81 and conveyed to the controller 83 so that 
the controller 83 feeds an electrical signal corresponding 
to the stick rod pressure to the solenoid 86 of the 
electromagnetic relief valve 85 incorporated in the negative 
control load pressure compensating valve 43 for compensating 
for load pressure at the stick— out side, thus enabling the 
electromagnetic relief valve 8 5 to increase the pressure in 
the center bypass line Cb in accordance with the stick rod 
pressure . 
[006V] 

To be more precise , the hydraulic fluid discharged from 
the hydraulic pump 2 8 is distributed into the rod— side 
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f eeci / di s cticLircre line 5 2 SLnca. ttie center IdyX^cLSs line Ct> 
accoirciingr to the va.lve stroke of ttie stick cylinciezr 
o:peireLting valve 251, witln. the cLmoiant of flow 33eing releaseca. 
into the center- 1dv^>^ss line CI3 inc3rea.sing in p»3rop>03rt ion to 
the loaci p>zressnx-e in the x-ocS.— sicie f eeci/ ciis charge line 52 , 
However, as the load p>ressu.re in the center Idvx^^ss line Ct> 
is increase<3. t>y the elec tromacfnet ic rel ief valve 8 5 in 
accordance with the stick: roci pressiare in orcier to 
compensate for the pressiare so as to generate a stick 
holc3.ing pressure in the center t)yx>ass line Ct> , the tooom 
raising flow that corresponcis to the coinmancS. signal, i.e, 
the valve stroke, of the stick cylinder operating valve 2 51 
is fed to the rod side 2 5r of the stick cylinder 2 5 so that 
a desired speed for retracting the stick cylinder is ensured 
regardless of the load applied to the stick when a heavy 
iDiicket is used. 
100681 

At the same time, regarding the functions of the 
components shown in Fig. 2, in the same manner as when 
performing horizontal leveling, the load pressure in the 
center t>ypass line Ct> is increased t>y the electromagnetic 
relief valve 9 5 in accordance with the t>oom head pressure in 
order to compensate for the pressure so as to generate a 
iDoom holding pressure in the center bypass line Ct> . By thus 
compensating for the pressure, the t>oom raising flow that 
corresponds to the command signal, i.e. the valve stroke, of 
the t>oom cylinder operating valve 2 41 is fed to the head 
side 2 4h of the iDoom cylinders 24 so that a desired speed 
for ex:t ending the t)Oom cylinders is ensured regardless of 
the load applied to the t:>oom when a heavy t>ucket is used. 
As a result , the characteristics in cases where a heavy 
t>ucket is used, which characteristics are represented t)y the 
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soX±c3. 1 ±ne ±n F±cf. V , can toe zretumeca. to sl XeveX s ±m± lazr to 
those shown. ±n the ciotted l±ne, w1t.±c1t. z:ep>2resent s 
chazrac tezris t ±cs in cases whexre a s tanciairca. touckiet is laseci . 
C 0069 ] 

As ca.es ciritoeca. aloove , when x^exrf oxrming s t ick— oiat oj^eirat ion, 
the p>3ressu.2re at the zroci side 25zr of the stick, cyiinciez: 25 is 
cietecteci toy the x^zressuzre sensozr 81; a jjirecieteirmineca. electiric 
cianrent is fed fxrom the controllez: 8 3 to the elec tiromagnet ic 
relief valve of the negative control load j^ressiare 
com;pensat ingr valve 43 pzrovicieca. in the center tovpass line Cto 
at a location downs t re am of the stick op>erating valve 2 51; 
and a stick holding p>ressure is generated in the center 
tov^pass line Cto. This configuration not only p>revents change 
in a stick— out flow modulation curve regardless of changes 
in load p>ressure at the rod side of the stick cylinder 25, 
theretoy ensuring statole flow characteristics, tout also 
ensures a constant starting p>osition for lever op>eration as 
is true with tooom operation, as well as sufficient fine 
OE>eration range. Such imp>rovement s enatoles the control 

circuit descritoed atoove to enhance the lifting op>eratoility 
during crane op>eration. 
[ 0070 3 

Furthermore, the invention p>resents another toenefit in 
that the stick— in meter— out load pressure compensating valve 
42 prevents sharp descent of a load when lowering the load 
toy stick— in operation. 
C OOVl] 

(Heavy Load Operation) 

X^Then the work ecjuipment 14 is under a heavy load to 
perform excavation or other heavy load operation, there is a 
high load pressure at the head side 2 5h of the stick 
cylinder 25. As this high load pressure is directed toy the 
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tieaci— s ± p>2res siaire detectiorL line 65 to ttie pressu-ire 

compensation cieac t ivation ;po2rtion 64 anci incareases the set 
load of ttie spring 63 to a sufficient level, ttieretoy setting 
a cons ider-alDlv tiigli effective c3.i f f enrential p>3ressTar-e of tine 
flow control valve SV at ttie meter — out side, ttie set flow of 
title stick— in meter — out load pressure compensating valve 42 
as a pressure — compensating flow control valve becomes liigtier 
in appearance t]nan ttie actual return flow at t!h.e rod side 
25r of the stick cylinder 25, the aforementioned actual 
return flow toeing dependent on the maximum flow of the 
hydraulic piamp 28. Therefore, in this state, the stick— in 
meter— out load pressure compensating valve 4 2 performs 
meter — out flow control with normal throttling t>ecause its 
at)ility for compensating for the pressure at the rod side 
2 5r of the stick cylinder 25 does not function. A.s a result, 
the actual flow resistance of the return fluid discharged 
from the rod side 2 5r of the stick cylinder 2 5 and flowing 
through the stick— in meter— out load pressure compensating 
valve 42 to the return line VO is reduced so that heat loss 
in the return line, too, is reduced, enabling improvement in 
actual work output by the cylinder as well as the fuel 
efficiency of the vehicle engine 2 7 that drives the 
hydraulic pump 2 8 . 
[ 00V2 ] 

The effectiveness of the embodiment described above is 
STJimmarized hereunder. 
[ 0073 ] 

(Horizontal Leveling Performance) 

Even in a state where a heavy— weight bucket is attached, 
meter— out flow control by the stick— in meter— out load 
pressure compensating valve 4 2 shown in Fig . 1 ensures the 
stick is lowered at a stable speed during stick— in operation 
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toy preventing' clnang-e in the <a.escenca.ing speed of the stick, 
anc3. the pares siaire sensor 91 a.nc3. the elect aroma gne tic relief 
valve shown in Fig. 2 ensiare statole flow characteristics toy 
generating a tooom holciing pressiare in the center toypass line 
Cto so as to prevent change in a tooom raising flow moca.u.lat ion 
curve regarciless of changes in loac3. pressure. Therefore, 
precise s tick— ca.escenca.ing speeca. anca. tooom— raising- speeca. as 
com[manca.eca. can toe achievecl, resulting in an improve<a. 
performance of horizontal leveling, regarca.less of the type 
of the tou-clcet - 
[0OV4] 

Furthermore, regarca.less of the type of the touckiet useca. 
for horizontal leveling, the positioning accuracy anca. 
flatness of grounca. leveling are improveca., resulting in an 
increase in operation speeca. anca., ultimately, an improveca. 
performance of horizontal leveling . 
[ OOV5 ] 

Furthermore, toy eliminating the necessity for tuning 
tests on a spool notch or other relevant elements to improve 
performance of horizontal leveling for each toucket 
application ins tall ec3. toy an enca. user himself, the emtooca.iment 
ca.es critoeca. atoove eliminates the troutole anca. cost of 
ca.elivering the tuneca. spool to the en<a. user anca. reinstalling 
the spool . At the same time , the emtooca.iment prevents user 
complaints from occurring ajn-ca. theretoy improves reliatoility 
of the proca.uct . 
[OOV6] 

(Crane Operation Performance) 

In the course of lifting a loaca., when initiating 
simultaneous operation of tooom raising toy hyca.raulic f luica. 
feca. to the heaca. sica.e 24h of the tooom cylinca.ers 24 anca. stick- 
out operation toy hyca.raulic f luica. feca. to the roca. sica.e 2 5r of 
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the stick cylinca.ezr 2 5, ttie pzres siare sensoz: 91, wtiicti serves 
to detect E)z:essu.2re a.t titie li.ea.c3. side 24!ln of the iDoom 
cylinca-ezTs 24, anca. tine elec troiticicnnet ic relief valve 95, wtiicln 
serves to control the p>ressu.re in the p>ortion of the center 
k)VX>cis s 1 ine downs tr eoun from the t>oom operat ing valve 2 41 so 
as to increase the p>ressu.re in accordance with an increase 
in the pressure detected t>v the i>ressu.re sensor 91, ensure a 
constant lever position for initiating boom raising as well 
as sufficient fine operation range regardless of the weight 
of the load, and are also capable of compensating for the 
gain of the rise of flow rate with respect to the valve 
stroke. At the same time, the pressure sensor 81, which 
serves to detect pressure at the rod side 25r of the stick: 
cylinder 25, and the electromagnetic relief valve 85, which 
serves to control the pressure in the portion of the center 
t>ypa.ss line downstreajti from the stick opera.ting va.lve 251 so 
as to increase the pressure in accordance with an increase 
in the pressure detected t>v the pressure sensor 81, ensure a 
constant lever position for initiating retraction of the 
stick cylinder as well as sufficient fine operation range 
regardless of the weight of the load, and are also capable 
of compensating for the gain of the rise of flow rate with 
respect to the valve stroke. As a result, load lifting can 
be performed with improved accuracy and cycle time . 
C 0077 ] 

Another benefit of the embodiment lies in its 
capability of ensuring the safety of the working environment 
of the operator of the construction machine and other 
workers in the vicinity by preventing sudden changes in boom 
cylinder speed or stick cylinder speed or inching 
performance deterioration . 
[0078] 
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FuLiT ttiermore , wlren siis:perLcid_ng- sl losLd Idv mesLXxs of tine 
stick: c;yl ±n.c3.e2r , tlie einfc>oc3.±ment descrilDeci above ±s ca.p>a.t>le of 
p>zr event ±ng- chaxiges in c3.es c ending speed of ttie Xoad 
jreg-a-rciless of its weight, tttex^elov p>x-eventing sl stxenrj^ descent 
of the load. 
C OOV9 ] 

(Performance of General E:x:cavation, etc) 

Tine :pressu.re compensation deactivation portion 6 4 is 
adapted to control tine set load of tine spring 63 so as to 
increase tine set load wlneh tine load pressure at tine Inead 
side 2 51n of tine stick: cylinder 25 increases. Slnould tine 

load pressure at tine Inead side 2 51n reach a predetermined 
level under a heavy load, for e:x:ample during heavy 
excavation t>y stick.— in operation, the pressure compensation 
deactivation portion 64 increases the set load of the spring 
6 3 to a sufficient level , thereby setting a considerably 
high effective differential pressure of the flow control 
valve SV at the meter — out side so that the set flow of the 
stick:— in meter — out load pressure compensating valve 42 as a 
flow control valve becomes higher in appearance than the 
actual return flow at the rod side 2 5r of the stick: cylinder 
25, the aforementioned actual return flow being dependent on 
the maximujm flow of the hydraulic puimp 28, Therefore, in 
this state, the stick:— in meter — out load pressure 

compensating valve 42 functions as a regular throttle valve 
and performs meter— out flow control with normal throttling 
because its ability for compensating for the pressure at the 
rod side 2 5r of the stick: cylinder 2 5 does not function. 
[0080] 

In other words, should the load pressure at the head 
side 25h reach a predetermined high level under a heavy load, 
the embodiment calls for increasing the set load of the 
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spring 6 3 to siacti a. leveX ttiat ttie fu.nct±on of pzressianre 
comp>ensat± on ±s cieac tivatzeci/ tlierelDy enat)l±ncr the stick— ±n 
meter — ou-t 1 oslcL pzressiare compensating vaive 42 to perfo^rm 
meter — oTJ-t flow control with normal throttling. 
C 0081 ] 

Force mocLtila-t ion function for tiv<3.ra.\a.lic act\aators not 
shown in Kig . 1 or Fig . 2 , siach as travel motors 11,12, a 
swing motor 13, anc3. a t>Tj.c>cet cylin<a.er 26, is maintaine<a. . 
Inciias trial i\pp)licat>ili ty 
£ 0082 ] 

The present invention is applicable to a control 
circuit for a construction machine with a work equipment, 
such as a hydraulic shovel . 
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CLAIMS 

1. A control c±2rcij.±t: fox* a cons t^ru-C t ± on macli±ne, saici 
control circiiit comj^zris Ing an open center clrciilt Incliicilng- 
center toypass lines passing tliroxigli at least a boom 
operating- valve, a stick operating valve, anci a toiicket 
operating valve that are adapteci to control ]nyca.ra\j.lic flu-ica. 
£ecL from tLvcLraiil ic piomps to t)Oora cvii^aders , a stick cvlin<^^=i^/ 
anca. a toiacket cylincier and siibsecgTient ly retu.rnec3. tlirouigli 
return lines to a tank, saici t>oom cy lingers serving to 
operate a tooom, sai<3. stick cylin<a.er serving to operate a 
stick connecteci to a distal enci of said t)oom, and said 
iDiicket cyl inder serving to operate a t>u.cket connected to a 
distal end of said stick, wlierein said control circij.it 
f xj-rttier inclu-des : 

a pressiire — compensating flow control valve provided on 
a retiirn line for liydraiilic fliiid retuirned from a rod side 
of said stick cylinder to said tank; 

a pressiire sensor for detecting pressiare of liydrau-lic 
flu-id fed to a head side of said boom cylinders; and 

a pressu-re control valve for control 1 ing a portion of 
tine center bypass line ttiat passes tlnro\igln said tooom 
operating valve so as to increase ttie pressure in accordance 
witti an increase in tlie pressure detected t>y said pressure 
sensor, said portion toeing downstream from said tooom 
operating valve . 

2 , A control circuit for a construction machine as claimed 
in claim 1, wherein said control circuit further includes: 

a pressure sensor for detecting pressure of hydraulic 
fluid fed to the rod side of said stick cylinder; and 

a pressure control valve for controlling a portion of 
the center loypass line that passes through said stick 
operating valve so as to increase the pressure in accordance 
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w± th an ±nc2rease in the jprGssxiJCG detecteca. toy said jpressuzre 
sensor, saici p>02rt:±on t>e±ng downs tzream from sa±c3. st±ck: 
op^ezrating valve. 

3 . A control circiait for a construction macliine as cl aimed 
in claim 1 or claim 2, wherein : 

each j>ressu.re control valve is integrated with an 
orifice and a relief valve so as to form a negative flow 
control load £>ressiJ.re com^^ensat ing valve, said orifice and 
relief valve serving to retrieve negative flow control 
p>ressiJ.re from the corresp>onding center t>vp>ass line in order 
to control puimp discharge rate. 

4 . A control circiait for a construction machine as claimed 
in any one of the claims from claim 1 to claim 3 , wherein 
said x>^essure— compensating flow control valve comj^rises : 

a s£>ring for setting a differential £>ressure; and 
a ^>ressure comx>ensat ion deactivation p>ortion that 
serves to increase set load of said sp>ring in accordance 
with increase in load p>ressure apF>lied to said head side of 
said stick: cylinder, and, when the load p>ressure to said 
head side is a ^^redetermined level or higher, increase the 
set load of said sx>^ing to such a level as to deactivate 
pressure compensation of flow control . 
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ABSTRACT 

An olDject of ttie p>r-esent invention is to ensu-zre ttiat a. 
InycLrsLULlic escceLvettor with eun. op>erL center circtiit is cap>eLt>le, 
even wlnen tising a toiackiet of a. different weicrhit , of a 
compatit>ie ievel of operatoili ty to that ototaineci toy tuningr 
witti a s tanc3.arc3. to-ucJcet , 

Boom operatincr valves, a stick oj^earating^ valve 251, etc. 
for respectively controlling tiyca.raij.lic f luicS. fed from 
lnyca.rau.lic p>TamE>s 2 8 to t)Oom cylinca.ers, a stick cylin.ca.er 25, 
ancL ottier acttiators are p)rovicLecL witli. center toy— ;pass lines 
Cto - A stick— in meter — ou-t loaca. E>ressu.re compensat incr valve 
42 is r>rovica.eca. on a roca.— sica.e retu-rn line 55, wtiiciti e:x:tenca.s 
from a roca. sica.e 25r of the stick cylinca.er 25 to a tank 29 . 
A p>ressTare sensor 81 is i3rovica.eca. at the roca. sica.e 2 5r of the 
stick cylinca.er 25 so as to ca.etect ;press\are of hyca.rau.lic 
fliaica. feca. to the roca. sica.e 25r. The center toy— p>ass line Cto 
associateca. with the stick ojDerating valve 251 is ;provicieca. 
with an electromagnetic relief valve 85 for controlling the 
ipressure in the jDortion of the center toypass line ca.ownstream 
from the stick operating valve 2 51 so as to increase the 
pressij-re in accorca.ance with. 
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